International targets set for reducing the rate of biodiversity loss-the 2010 target-and ensuring environmental stability (Millennium Development Goals) have helped to focus the efforts of the scientific community on providing the data necessary for their implementation. The urgency of these goals, coupled with the increased rate of habitat alteration worldwide, has meant that actions have largely not taken into account the increasing body of data about the biodiversity change in the past. We know a lot about how our planet has been altered and recovered in the past, both in deep time and through prehistory. Linking this knowledge to conservation action has not been widely practised, by either the palaeoecology or the conservation communities. Long-term data, however, have much to offer current conservation practice, and in the papers for this volume we have tried to bring together a variety of different perspectives as to how this might happen in the most effective way. We also identify areas for productive collaboration and some key synergies for work in the near future to enable our knowledge of the past to be used for conservation action in the here and now. Lateral thinking, across knowledge systems and with open-mindness about bridging data gaps, will be necessary for our accumulating knowledge about our planet's past to be brought to bear on our attempts to conserve it in the future.
BIODIVERSITY CONSERVATION TARGETS: THE TEMPORAL DIMENSION
At the World Summit for Sustainable Development in Johannesburg in 2002, the assembled parties endorsed the 2010 target, earlier agreed by the Conference of the Parties to the Convention on Biological Diversity (CBD 2002) , to 'achieve by 2010 a significant reduction of the current rate of biodiversity loss at the global, regional and national level as a contribution to poverty alleviation and to the benefit of all life on Earth'. This bold target directly contributes to the Millennium Development Goal of ensuring environmental sustainability (see http://www.un.org/millenniumgoals/#), via reducing the loss of environmental resources, all of which are built on biodiversity. As we write this in 2006, 2010 seems impossibly close-how can we achieve anything like this target in only 4 years? This time-frame is one of urgency and speed, one that almost invites remedial, quick actions that do not rest on longterm studies that can span decades. The achievement of the 2010 target is not long-term, but this does not preclude long-term data being important to help us reach the goal.
Spatial patterns in biodiversity are well recognized, and form the basis for many conservation strategiesmost notably the biodiversity hotspots approach has been used by conservation agencies as a way of effectively targeting conservation resources at areas of greatest diversity, and the highest levels of endemism and threat (Myers et al. 2000; Mittermeier et al. 2005) . The temporal dimensions of biodiversity are less well studied, however, and it is the aim of this special issue on 'Biodiversity hotspots through time:
using the past to manage the future' to explore the dynamic nature of vegetation in Earth's most biodiverse landscapes. In this volume, we present examples of the use of palaeoecology and other techniques in understanding processes of vegetation change over time, and discuss how this knowledge can be integrated into conservation practice and policy.
Why explore hotspots through time? In addition to being spatially patterned, biodiversity is patterned temporally; the diversity of life on Earth is not static in space or in time (Knapp 2003) . Climate has varied throughout the past, influencing the extent and area of particular ecosystems and habitats, and species have not always occupied the same regions or habitats they do today. It is clear that understanding how patterns of distribution of diversity, be it in habitats or species, have changed can help us predict what might happen in the future. But there is often a mismatch between the temporal scales of past data and the ecological processes that are of interest to conservationists. This need not be so, and the papers we have collected for this volume demonstrate a wide variety of approaches for exploring the issue of not only how we use data through time to demonstrate what has happened in areas of high biodiversity and to predict what might happen in the future, but also how these data can be used to inform conservation actions in the here and now.
In crafting this volume, we have defined hotspots very broadly, not intending to select areas that are more or less important for conservation, but rather to explore the issues of landscape level diversity through time in areas where species level diversity is also high.
As the papers in this volume suggest, we can identify some areas we feel are ripe for collaboration. These are by no means the only ways in which data from the past can be used to help conservation practice, but we feel it is these areas where significant progress can be made soon, and where it will have greatest effect.
-Linking proximal palaeoecology to conservation action in specific areas of concern. -Using phylogeny to inform palaeoecology and the conservation of evolutionary potential. -Linking spatial and temporal patterns and scales of disturbance for ecosystem management. -Understanding the continuous role of changing climate and human activities in shaping vegetation change in the biodiverse landscapes.
HOTSPOTS, BIODIVERSITY CONSERVATION AND METHODS OF MEASUREMENT
The diversity of life is not spread evenly over the face of the globe. A latitudinal gradient exists in species richness, with a marked decrease from tropical to polar regions. Explanations for this pattern are many and competing, but that a pattern exists is widely recognized (Dobzhansky 1950; Hutchinson 1959; Wright et al. 2006) . This pattern of species richness distribution, coupled with concern about the rate of biodiversity loss and the need to prioritize actions for its conservation, has led to many proposals of how to define and delimit the areas where high biodiversity and high threat coincide. Endemism, or range size raritythe distribution of rare species in limited areas-is also of interest to those seeking to conserve diversity; those species or groups that are distributed in only one place are of conservation concern, regardless of whether they occur in an area of high species richness. The complex interplay of patterns of species richness and endemism means that priority setting for conservation action to implement the CBD using these criteria can be incredibly difficult, and at times contentious. The metaphor of hotspots-hot areas being those more biodiverse-has an immediate and almost visceral appeal; the idea, first proposed by Myers (1988) , has become part of the vernacular. Using data drawn primarily from flowering plants, Myers et al. (2000) formalized the concept as an intersection of areas of high endemism and threat. Others have used the concept slightly differently (e.g. Fjeldså et al. 1997) , or used different criteria (Olson & Dinerstein 1998; Spector 2002 ), but hotspots are what most people use to describe those areas on the globe where diversity is highest. Just what or where the hottest spots are is often hotly contested, in part due to conflict over how the millions spent on conservation worldwide should be distributed, both among conservation organizations and over places on the globe.
Biodiversity conservation itself is a dynamic concept and is evolving in response to changing perceptions of diversity and landscape history. In this issue Callicott et al. (2007) use the concept of biocomplexity to explore how connectivity between human and natural systems can be understood through an understanding of landscape history, and how this knowledge can inform conservation and land-use decisions. Biodiversity seems an easy concept, but its broad definition (see below) can open new lenses through which to explore ways of implementing conservation, or even to explore what we mean by conservation itself.
Biodiversity is broadly defined in the CBD as 'the variability of living organisms from all sources, including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems'; it is more than just species diversity or endemism. This broad definition means that surrogates are often used to describe or document biodiversity; one type of measurement or pattern can be a useful descriptor of a pattern at a different scale (Williams 1996) . For example, family-level taxonomic diversity has been used as a surrogate for overall richness in flowering plants worldwide (Williams et al. 1994) , birds are often used as a surrogate for all groups of terrestrial organisms (Important Bird Areas concept, http:// www.birdlife.org/action/science/sites/index.html), and vascular plant and insect diversity are correlated in the tropics (Barthlott et al. 1999) , but indicator or surrogate groups do not always accurately predict results for other sets of organisms (e.g. Prendergast et al. 1993) .
Crucially important for the use of indicators or surrogates is the definition of clear objectives for their use and specification of clear criteria for the selection of the surrogate (Caro & O'Doherty 1999) . Using data from the past, the list of indicators or surrogates ranges from fossil proxies (e.g. fossil pollen, plant macrofossils, microfossil charcoal, sediment geochemistry) and molecular phylogenies, to records contained in old maps, aerial photographs, early traveller's diaries and archival records. But similar to the spatial record, an understanding of questions being asked is essential in order to select the most appropriate surrogate. In this issue Weng et al. (2007) , for example, show how pollen diversity can be used as a surrogate for species level diversity in the Colombian Andes, and provide linkage between today's and past patterns. They stress the need for integrated data management strategies in order to make long-term data useful in the context of conservation policy. A number of other papers in this volume (e.g. Behling & Pillar 2007; Bush et al. 2007 ) use the microfossil charcoal record contained in sedimentary sequences to reconstruct past burning regimes, and thus assess past human influence on the environment and vegetation composition.
EVOLUTIONARY TIME, SPECIATION AND CLIMATE CHANGE
A distinction is often made between evolutionary and ecological time-with evolutionary time being defined as the long time-scale reaching back into the origins of life. The concept of evolutionary time as 'deep time' has its origins in Darwin's original concept of evolution by natural selection occurring very slowly and over extremely long time-scales (Darwin 1859) . Thus, evolutionary time is often seen as being very ancient and perhaps not necessarily relevant to the urgency of the crisis affecting the biodiversity today. The mass extinctions of the Permian and Cretaceous/ Tertiary boundary have had profound effects on the composition and diversity of life on Earth (Erwin 1993; Jablonski 2001) , one causing the extinction of 96% of all skeletonized marine life and the other causing the final extinction of the dinosaurs, but neither apparently impeding the continued change and diversification of life on Earth. Using these sorts of very ancient events to inform conservation practice is difficult, except in the predictive sense that extinction is a phenomenon that has occurred throughout history.
Long-term data, however, have numerous potential applications in conservation approaches to extinctions. Diversification is the flip side of extinction and the result of the evolutionary process. But diversification can occur at taxonomic and ecological levels, with habitat or landscape level diversity being another important indicator of biodiversity a variety of scales. Phylogeny describes taxonomic diversification, and the linking of phylogenetic diversity to conservation priority could help us to conserve a broader and more evolving set of taxa and habitat than does focusing on species or regions that are isolated or at the end of a diversification path (Vane-Wright et al. 1991) . Longterm data can provide an alternative perspective on how conservationists view extinctions. Faced with mass extinctions and limited conservation budgets, a longterm perspective on the process of extinction can provide a possible line on how best to focus conservation efforts in order to preserve evolutionary potential . Willis et al. (2007) also describe how a long-term perspective can suggest possible goals for conservation by providing a description of the variability in species distribution in response to changing climate and introduce the use of corroborated uncertainty measures into scenario building. Palaeodata can be used to explore species' climate requirements, and to test how accurately species-climate models are able to predict how species distribution responds to changing climate. This approach is central to the success of climate-integrated conservation strategies (Hannah et al. 2002a,b) .
Similarly, Young & Leó n (2007) explore how tree lines respond to changing climate and disturbance patterns. Their study indicates the importance of morphological plasticity as an important source of diversity, thereby demonstrating how rapidly diversification can occur. Diversification time is not necessarily long: both taxa and habitats are known to have diversified rapidly, the latter through catastrophic events such as volcanic eruptions or earthquakes, rather than the slower process of continental drift, and the former through processes such as speciation.
Speciation and how it works has been a topic of interest since Darwin first articulated the concept of evolution by natural selection-he and other nineteenth century biologists were fascinated by what they called the 'species problem'. Just what constitutes a species has also been a topic of much debate and research (Mallet 2005) ; there are almost as many species concepts as there are biologists studying the speciation process! Species distributions and richness are both extremely important for conservation practice, both as the taxonomic category about which legislation is made (see Mace 2004 ) and as surrogates for genetic or ecosystem diversity. Lack of parity in species designations across taxa or through time can both cause problems for conservation (Isaac et al. 2004 )-is a bird species the same level of genetic distinctness or variation as is a plant species or a species of microorganism, are species of plants identified from pollen the same as those identified using current populations? It may be that the focus on species richness and range size rarity inherent in the traditional formulation of the hotspot metaphor may be impeding the integration of temporal data into the study of biodiversity.
ECOLOGICAL TIME
Ecological time is often linked to the generation time of the organism under study. The generation time of organisms differs radically; some trees can live for thousands of years, and the composition of a forest today will be the result of processes occurring decades or even hundreds of years ago. This creates a challenge when setting conservation goals, because our human perspective of time is inextricably linked to our own generation time; we sometimes see phenomena that occur over longer time-scales than a single research career or study season as intractable or opaque to study. Temporal data are often collected for species of commercial value (see Hutchings & Baum 2005) , but for much of wild nature, no such data exist. Various techniques are available, however, which allow conservation ecologists to understand the dynamics of long-lived species like trees. For example, Chazdon et al. (2007) explore the effects of rates of change in tree communities following major disturbances. They study tree community attributes following abandonment of agricultural fields or pastures, using both chronosequence and annual tree dynamics studies, and find that rates of change in tree communities are determined by a complex set of interactions between local site factors, landscape history and structure, regional species pools, and species life histories.
One of the central ecological questions in invasive species research is determining what makes certain habitats more susceptible to invasion by non-indigenous species and, conversely, what enables certain species to become effective invaders. The importance of using the long-term record, in understanding particularly anthropogenic and natural disturbance histories, is fundamental to addressing such questions. Species attributes for invasiveness are difficult to define (Cox 2004 ), but habitat traits appear to better predict invasiveness ( Jenkins & Pimm 2003) ; knowledge of how habitats have altered and perhaps coped in the past could help us predict where to focus efforts in the present.
Disturbance is a recurring theme in the study of biodiversity, both past and present, and studying the effects of long-term disturbance patterns can provide information on the processes that drive changes in ecological variability. Disturbance is usually characterized as either natural (hurricanes, landslides, earthquakes and the like) or human (e.g. fire, deforestation, agriculture), but it is clear from examination of the past that humans have been an integral part of many ecosystems for about 100 000 years-human disturbance is a kind of natural disturbance ).
Introduction K. J. Willis et al. 171 It is the scale and scope of this disturbance that in recent years has become of great concern. The ecosystem approach adopted by the CBD as the best way in which to integrate the three objectives of the Convention-conservation of biodiversity, sustainable use of its components and the fair and equitable sharing of the benefits arising out of the use of genetic resources-explicitly recognizes humans as an integral component of these systems. A recurring theme of papers in this volume is that many of the landscapes today considered as important for conservation owe much to human intervention in the past (e.g. Haberle 2007; Heckenberger et al. 2007) .
That ecosystems have been resilient to human intervention in the past (see Brncic et al. 2007 ) does not mean they will continue to be in the face of increasing and dramatically altered human impact. Furthermore, not all landscapes have been impacted or altered by humans; strategies for management need to explicitly take past use or non-use into account (Mayle et al. 2007) . The complex mosaic nature of most landscapes and vegetation types in areas of high diversity is highlighted by all of the papers in this volume-there will be no easy answer or simple formula. The potential interplay between climatic and human disturbance can profoundly affect how ecosystems and vegetation change, and it is clear that the human societal behaviour and the responses of vegetation communities to disturbance might change in response to changing environmental conditions. It is also suggested that some of the past methodologies used for creating these landscapes might be recreated in order to manage the biodiverse landscapes in a more sustainable manner (Glaser 2007) .
Information on past disturbance and variability links long-term datasets with current conservation objectives, and is critical to the development of effective management and restoration techniques. Gillson & Duffin (2007) , for example, use palaeoecological data to investigate long-term changes in tree density in savannas, and integrate these data within an ecosystem management approach based on thresholds of potential concern. This approach uses the knowledge of past variability in order to decide when ecosystem changes are unprecedented, or are approaching thresholds not compatible with conservation goals. In this way, management interventions can be planned which are based on knowledge of the variability and resilience of ecosystems.
SYNERGIES: WORKING TOWARDS A 2010 TARGET
The time is right for a coming together of those working in conservation practice and those working on longterm phenomena in order to bring the broadest set of data to bear on the 2010 target of reducing the rate of biodiversity loss. Creative thinking and synthesis are both required if our objective is to conserve the diversity of life on Earth. But conserving a dynamic Earth, capable of responding to future challenges and changes, requires knowledge of the past as well as action in the present. Synthesis is also essential, as all scientific communities involved in the measurement of biodiversity need to think about how to join forces to allow data from as many sources as possible to inform our progress towards the 2010 target. It will require action from all sides to bring together studies over a variety of time-scales.
Some specific examples of how these kinds of data can be used in conservation targets include:
(i) Establishing baselines is critical to achieving the 2010 target (Dobson 2005) , as is monitoring of change into the future. Studies of biodiversity through time can contribute a unique and important element; a sampled baseline that transects different landscape factors in a way not possible with shorter-term datasets Willis et al. 2005) . Watson (2005) rightly asks 'is a 30 year record of species population really meaningful when there may be long-term trends in populations that have not been taken into account?'-we would argue that a 30-year record is relevant, but that coupled with long-term trends that can be elucidated from studies into the past, such a record really becomes a basis for action. Baselines and indicators, taken in the right context, are critical to being able to measure any sort of progress towards reducing the rate of biodiversity loss. (ii) The Global Strategy for Plant Conservation (GSPC). One area where such studies could contribute is the GSPC (see http://www. plants2010.org/). The GSPC is a strategic framework with a series of targets under the categories of (i) understanding and documenting plant diversity, (ii) conserving plant diversity, (iii) using plant diversity sustainably, (iv) promoting education and awareness of plant diversity and (v) building capacity for the conservation of plant diversity. The GSPC is currently being driven forward through the efforts of the botanical gardens community (see http://www.plants2010.org/ ). There is no reason, however, why palaeoecological studies could not contribute to the implementation of Target 4 'at least 10% of each of the world's ecological regions effectively conserved'-where knowledge of the effectiveness of today's protected areas under a variety of scenarios may depend on data from the past. Archaeological studies could also contribute to the achievement of Target 7, '70% of the genetic diversity of crops and other major socio-economically valuable plant species conserved, and associated indigenous and local knowledge maintained', where local concepts of biodiversity and its importance are of critical concern. That human populations have had a profound impact on the plant diversity of many of today's forests means that it is imperative that communities of scientists connect this knowledge with current work on the targets of the GSPC. Plants are the basis for landscapes, and being able to study their past distributions and reactions to perturbation will certainly help us to plan future actions for their conservation.
(iii) Measuring biodiversity for conservation. A Royal Society working group recommended that a simple framework be used in designing measurements of biodiversity, and that the framework could be applied to long-term and rapid-response situations (Royal Society 2003; http://www. royalsoc.co.uk/document.asp?idZ1474). Their recommendations explicitly include long-term studies with a temporal element. (iv) Climate change-integrated conservation strategies.
There has been a specific call for the integration of insights about the biotic impacts of climate change from palaeoecology, and an integration of these insights into climate change-integrated conservation strategies (Hannah et al. 2002b ). (v) IUCN Red Lists. More challenging for temporal studies are linkages to current taxon-focused conservation practices such as the IUCN Red Lists or CITES legislation. Imaginative thinking about how to use the IUCN criteria to allow 'preliminary' conservation status to be assessed for taxa in the past might be a way forward. Red List Indicators (RLI) or sampled RLIs (Butchart et al. 2005) , where the conservation status of a selection of taxa is tracked through time could then be applied retrospectively to assess those types of organisms that have declined the most.
It is often argued by those working with palaeoecological data that temporal studies are the 'Cinderellas' of conservation and are left out of current conservation concern. It is true that the urgency of the problem of biodiversity loss and the time-scale of action required to achieve the 2010 target means that those currently engaged in conservation practice do not necessarily go to long-term or time-spanning studies to solve problems of immediate concern. Conversely, it is often true that those working in time-spanning studies do not examine current conservation relevant objectives to examine how they might contribute effectively. Creative thinking and synthesis are both required if our objective is to conserve the diversity of life on Earth; conserving a dynamic Earth, capable of responding to future challenges and changes, requires knowledge of the past as well as action in the present. 
